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APOLIC 10: MAN'S NEAREST LUNAR APPROACH

Two Apollo 10 astronauts wilill descend to within eight
nautical miles of the Moon's surface, the clecsest man has

ever been to another celestial body.

A dress rehearsal for the first manned lunar landing,
Apollo 10 18 scheduled for launch May 18 at 12:49 p.m. EDT
from the Naticnal Aeronautics and Space Administration's

Kennedy Space Center, Fla,

The eight-day, lunar orbit mission will mark the first
time the complete Apollo spacecraft has operated around the

Moon and the second manned flight for the lunar module.

Pollowing closely the time line and trajectory to be
flown on Apollo 11, Apollo 10 will include an eight-hour
sequence of lunar module (IM) undocked activities during which
the commander and IM pilot will descend to within eight nautical
miles of the lunar surface and later rejoin the command/service

module (CSM) in a 60-nautical-mile circular orbit.

~-more -
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All aspects of Apollo 10 will dupllcate condltions of
the lunar landing mission as closely as possible--Sun angles
at Apollo Site 2, the out-and-back flight path to the Moon,
and the time line of mission events. Apollo 10 differs from
Apolle 11 in that no landing will be made on the Moon's sur-

face.

Apollo 10 1s designed to provide addltional operational
experlence for the crew; space vehlcle; and mission-support
facilities during a simulated lunar landing mission. Among
desired data points to be gained by Apollo 10 are IM systems
operations at lunar distances as well as overall mission
operational experlence., The IM was successfully checked-
cut in Earth orbit in Apollo 9, includling a rendezvous sequence

simulating lunar orbit rendezvous,

Space navigatlon experlence around the Moon 18 another
benefit to be gained from flying a rehearsal misslon before
making a lunar landing. More knowledge of the lunar potentlal,
or gravitational effect will provide additional reflnement of
Manned Space Flight Network tracking techniques, and broad
landmark tracking will bolster this knowledge.

-more-
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Analysis of last December's Apollo 8 lunar orbit mission
trackling has aided refinement of tracking and navigation tech-

niques and Apello 10 should reduce error margins still further,

Apollo 10 crewmen are Commander Thomas P, Stafford,
Command Moudle Pilot John W. Young and Lunar Module Pllot
Bugene A, Cernan, The mission will be the third space flight
for Stafford (Gemini 6 and 9) and Young (Gemini 3 and 10), and
the second for Cernan (Gemini 9). The three were recycled from
the Apollo 7 backup crew, The Apollo 10 backup crew is Com-
mander L, Gordon Cooper, Command Moudle Pilot Donn F. Elsele

and Lunar Module Pilot Edgar D, Mitchell,

Stafford is an Alr Force Colonel; Young and Cernan are

Navy Commanders.

If necessary, the backup crew can be substituted for
the prime crew up to about two weeks prlor to an Apollo launch.
During this period, the flight hardware and software, ground
hardware and software, flight crew and ground crews work as an
integrated team to perform ground simulations and other tests
of the upcoming mission. It 1s necessary that the flight crew
that will conduct the misslon take part in these activitiles,
which are not repeated for the beneflt of the backup crew, To
do so would add an additional costly two-week peri od to the pre-

launch schedule, which, for a lunar mission, would require

. rescheduling for the next lunar window,

-more-~
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The Apollo 10 rendezvous wlll be the fifth space
rendezvous 1in which Stafford has taken part--Gemini 7/6 and
the world'’s first rendezvous, and three types of rendezvous with

the augmented target docking adapter in Gemini 9.

The Apollo 10 mission time line can be described as
a combination of Apollo 8 and Apollo 9 in that it will be a
lunar orbit mission with a CSM-IM rendezvous. Apollo 8 was a
lunar orbit mission with the command/service module only, while
Apollo 9 was an Earth orbital mission with the complete Apollo

spacecraft and included a IM-active rendezvous with the CSM,

Apollo 10, after 1iftoff from Launch Complex 39B, will
begin the three-day voyage to the Moon about two and a half
hours after the spacecraft 1is inserted into a 1l00-nautical
mile circular Earth parking orblt. The Saturn V launch vehlcle
third stage will restart to inject Apollo 10 into a translunar
trajectory as the vehicle passes over Australia mid-way through

the second revelution of the Earth,

The "go" for translunar lnjection will follow a complete
checkout of the spacecraft's readiness to be committed for in-
jection., About an hour after translunar injection (TLI), the
command/service module will separate from the Saturn third
stage, turn around and dock with the lunar module nested in
the spacecraft LM adapter. Spring-loaded lunar module holddowns

wll]l be released to eject the docked sgpacecraft from the adapter.

-nore-
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Later, leftover liquld propellant in the Saturn third
stage willl be vented through the engine bell to place the stage
into a "slingshot" trajectory to miss the Moon and go into

solar orbit.

During the translunar cocast, Apollo 10 will be in the
so-called passive thermal conbtrol mode in which the space-
ceraft rotates slowly about one of its axes to stabllize thermal
response to solar heating. Four mldcourse correction maneuvers
are possible during translunar coast and will be planned in

real time to adjust the trajectory.

Apollo 10 will first be inserted into a 60«by-170-nautical
mile elliptical lunar orbit, which two revclutions later will
be cireularized to 60 nautical miles, Both lunar orblt inser-
tion buras (LOI) will be made when Apcllo 10 is behind the Moon

out of "sight" of Manned Space Flight Network stations.

Stafford and Cernan will man the IM for systems checkout
and preparatlions for an elght-and-a-half hour sequence that
duplicates--~except for an actual landing--the maneuvers planned
for Apollo 11, The IM twice will sweep within 50,000 feet of
Apollo Landing Site 2, one of the prime targets for the Apollo

11 landing.

-more-
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Maximum separation between the IM and the CSM during
the rendezvous sequence will be about 350 miles and will
provide an extensive checkout of the LM rendezvous radar as
well as of the backup VHF ranging device aboard the CSM, flown
for the first time on Apollo 10,

when the IM ascent stage has docked with the CSM and
the two crewmen have tranaferred back to the CSM, the IM will
be Jjettisoned for a ground command ascent engine burn to pro-
pellant depletion which will place the IM ascent stage into

solar oribt.

The crew of Apolle 10 will spend the remainder of the
time in lunar oribt conducting lunar navigational tasks and
photographing Apollc landing sites that are within camera range
of Apollo 10's ground track.

The transearth injection burn will be made behind the
Moon after 61.5 hours in lunar orbit. During the 54-hour
transearth coast, Apollo 10 again will control solar heat
loads by using the passive thermal control "barbecue" tech-
nique. Three transearth mlidcourse corrections are posslble
and will be planned in real time to adjust the Earth entry

corridor,

=-more-~
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Apollo 10 will enter the Earth's atmosphere {400,000 feet)
at 191 hours 51 minutes after launch at 36,310 feet-per-second.
Command module touchdown will be 1,285 nautical miles down-
range from entry at 15 degrees 7 minutes South latltude by
165 degrees West longitude at an elapsed time of 192 hours
5 minutes. The touchdown point 1s about 345 nautical miles

east of Pago Pago, Tutuila, in American Samoa,

(END OF GENERAL RELEASE; BACKGROUND INFORMATION FOLLOWS)

-~nore -~



- 310~

® @
APOLLO 10 — 1| 1unch a./d Trans Lunar Injection

Trans Lunar Injection Apollo Saturn Separation

-8)-




@ POLLO 10— Trans Ld®.ar Flight

- 2J08-

Astronauts at Command Module Stations




APOLLO 10— Trans Lunar Flight

=

Finai Course Adjustment

Navigational Check

D)




<5308~

APOLLO 10— Lunar Orbital Flight

Jg W\
all W{&f

m o , f{ ) 1
EE ‘I I ,' / "a ,J/IH'

ﬂ 4

Lunar Landmark Tracking

Transfer to Lunar Module




- S J oUW~

® | -
APOLLO 10 — Lunar L kscent and Rendezvous

Ascent Engine Firing to Depletion Lunar Landmark Tracking




« BJ O~

APOLLO 10 — Trans Earth Injection and Flight

Navigational Check Final Reentry Preparations




APOLLO 10— Earth Reentry and Recovery

|

Command-Service Module
Separation

Command Module Reentry

Splashdown

Recovery

i
|
0




~8-

MISSION OBJECTIVES

Although Apollo 10 willl pass no closer than eight
nautical miles from the lunar surface, all other aspects
of the misslion will be simllar to the first lunar landing
mission, Apollo 11, now scheduled for July.

The trajectory, time line and maneuvers follow the
lunar landing profiie. After rendezvous is completed, the
Apollo 10 time line will deviate from Apcllo 11 in that
Apocllo 10 will spend an extra day in lunar orbit.

Additional IM operation in either Farth orbift or lunar
orbit will provide additional experience and confidence with
the IM systems, including various control modes of the IM

primary/abort guldance systems, as well as further assessment

of crew time lines,

The mission wlll also test the Apollo rendezvous radar
at maximum range {approximately 350 miles vs. 100 mlles during
Apollo 9). Apollo 10 will mark the first space flight test
of the IM steerable S-band antenna and of the LM landing radar.
The IM landing radar has undergone numerous tests in Earth en-
vironment, but thls mission will provide an opportunity to
check the lunar surface reflectivity characteriastics with the
landing radar.

Some 800 seconds of landing radar altitude-measuring
data will be gathered as the IM makes two sweeps elght nautical
miles above Apollo Landing Site 2.

This mission will also provide the first opportunity to
check the very high frequency (VHF) ranging device aboard the
CSM which serves as a backup to the IM rendezvous radar.,

The Apollo 10 misslon profile provides fuel and other con-
sumable reserves in the 1M that are greater than those planned
for the first IM to land on the Moon. The lunar landing mission
i1s the "design mission" for the Apollo spacecraft, and such a
mission has smaller although adequate margins of reserve con-
sumables.

From liftoff through descent orbit Iinsertion, Apollo 10
follows closely the trajectory and time line that will be flown
in the landing mission. Following the elght-mlle pericynthion,
the profile closely simulates the conditlons of lunar orbit
rendezvous after a landing.

-more-~
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The May 18 launch date will produce lighting conditions
on Apollo Site 2 similar to those that willl be present for the
landing mission. A%t the low inclination to be flown on Apollos
10 and 11 -- about 1.2 degrees relative to the lunar equator--
Apollo landing Site 3 can be photographed and optically tracked
by the crew of Apcllo 10 in addition to the prime Site 2,

Site 1 was photographed by Apollo 8 in last December's
lunar orbit missicon and, together with the two sltes to bhe
covered in Apclle 10, photographic, tracking and site altitude
data on three sites will be in hand.

Among the Apollo 10 objectives 1s the gathering of
additional Manned Space Flight Network (MSFN) tracking data
on vehicles in lunar orbit. Wwhile MSFN experlence in tracking
Apollo 8 will benefit Apollo 10, there are still some uncer-
tainties. For example, there 1s still some lack of knowledge
as to what the exact lunar potential or gravity field is and
how it affects an orblting spacecraft.

In tracking Apolloc 8, downtrack, or orbital timing errors
projected ahead two revolutlions were 30,000 feet, and orbltal
radius measurements relative to the center of the Moon were
off 5,500 feet, MSFN tracking can produce accurate position
and veloclty information in real time whille a spacecraft is
"in view" from the Earth and not occulted by the Moon, but
landing and rendezvous operations wlll requlre accurate pre-~
dictions of peosition and veloclty several revclutlions 1n advance
of the event.,

The lunar potential apparently affects an orbiting
spacecraft differently depending upon orbital inclination
and altitude. Apollo 10 will be flown on the same inclination
to the lunar equator as the landing mission and will provide
information for refining predictlion techniques.

Apollo 8B postflight analysis has produced modifications
to tracking amd position prediction technlques which should re-
duce downtrack errors to 3,000 feet and altitude errors to
1,400 feet. Apollo 10 will allow-mission planners to perfect
techniques developed as a result of Apollo 8 tracking analysis,

Other space navigation benefits from Apollo 10 will bs
gained from combining onboard spacecraft lunar landmark track-
ing data with MSFN tracking and from evaluating present lunar
landing site maps at close visual and camera ranges.

=-more-
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‘. Additionally, IM descent and ascent engine burns will

be monltored by MSFN stations for developing useful techniques
for tracking powered flight in future missions.

~more-



APOLLO 10 COUNTDOWN

The cloek for the Apollo 10 countdown will start at T-28
hours, with a six nour bhuilt-in-hold planned at T-9 hours, prior
to launch vehicle propellant loadlng,

The countdown is preceded by a pre-count operation that

begins some 4 days before launch,

During this period the tasks

include mechanical hbulldup of both the command/service module

and 1M,

fuel cell actlivatlon and servicing and loading of the
cuner eritical helium aboard the LM descent stage.,

A 53 hour

bullt-on-nold 1z scheduled between the end of the pre-count and
atavn of the final countdown.

rollowing are some of the highlights of the flnal count:

Te2t ars,

Tw27 hrs,

T2l Ars.

T=1% hrs,

T=10 nrs.

T-9 hrs,

Tes LIPS,

30 mins,

30 mins.

counting

290 mins,

15 mins.

Officlal countdown starts

Install launch vehicle flight batterles
(to 23 hrs. 30 mins.)
LM stowage and cabln closeout (to 15 hrs.)

Top off LM super critical helium (to
19 hrs.)

Launch vehicle range safety checks (to
15 hrs,)

Install launch vehlcle destruct devices
{to 10 hrs, 45 mins.)

Command/service module pre-ingress
operations

Start mobile service structure move to
park site

Start six hour bullt~in-hold
Clear blast area for propellant loading

Astronaut backup crew to spacecraft for
prelaunch checks

Launch Vehicle propellant loading, three
stages (liquid oxygen in first stage}
1iquid oxygen and liquid hydrogen in
second, third stages,.

Continues thru T-3 hrs. 38 mins.

=-Mmore-



T«5 hrs,
T-4 hrs,
T-4 hrs,
T=3 hrs,
T~3 hrs,

T"‘B hrs.
T~3 hrs,

45 mins,
15 mins.
45 mins,
30 mins,

14 mins.
10 mins.

T-2 hrs, 40 mins.

T=1 hr, 55 mins.

T=1 hr, 50 mins,

T=1 hr, 46 mins,

T=43 mins,

T=42 mins

T-40 mins, '

T-=30 mins,

T«20 mins. to
T=10 mins.

T-~15 mins,

T-6 mins.
T~5H mins,
T-5 mins,
T=3 mins,
T=-50 seec,

30 sec.

10 sec,

12

Flight crew alerted
Medical examinatlon
Breakfast

Don space suilts

Depart Manned Spacecraff Operations Bulld-
ing for LC-39 via crew transfer van

Arrive at LC-39
Enter Elevator to spacecraft level

Start flight crew ingress

Mission Control Center-Houston/spacecraf't

command checks
Abort asdvisory system checks

Space vehlcle Emergency Detection System
(EDS) test

Retrack Apollo access arm to standby
position (12 degrees)

Arm launch escape system

Final launch venicle range safety checks
(to 35 mins.)

Launch vehlcle power transfer test
LM switch over to internal power

Shutdown IM operational instrumentation

Spacecraft to internal power

Space vehicle final status checks

Arm destruct system

Apollo access arm fully retracted

Initiate firing command (automatic sequencer)

Launch vehicle transfer to internal power

~-Morem-
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T«8,9 sec, _ Ignition sequence start
T« sec, All engines running
Tet) Liftorf

*Note: Some changes in the above countdown are possible as g
result of experience gained in the Countdown Demonstration
Test (CDDT') which occurs about 10 days before launch.

«horea=-
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MISSION TRAJECTORY AND MANEUVER DESCRIPTION

Note; Information presented hereln is based upon a
May 18 launch and is subject to change prior (o the misslon
or in real time during the mission to meet changing conditions.)

Launch

Apollo 10 will be launched froam Kennedy Space Center Launch
Complex 398 on a launch azimuth that can vary from 72 degrees to
108 degrees, depending upon the time of day of launch. The
azimuth changes with time of day to permit a fuel-optimum injection
from Earth parking orbit into a free-return circumlunar trajectory,
Other factors influencing thelaunch windows are a daylight launch
and proper Sun angles on lunar landing sites,

The planned Apollo 10 launch date of May 18 will call for
1iftoff at 12:49 p.m. EDT on a launch azimuth of 72 degrees,
Insertlion into a 100-nautical-mile circular Earth parking orbit
will occur at 11 minutes 53 seconds ground elapsed from launch
{GET), and the resultant orblt will be inclined 32,5 degrees to
the Earth's equator.

=nore ~



® FLIGHT PROFILE

CSM/LM SEPARATION
/

Wik
i
CM/SM SEPARATION RATS
s =
100 N M.
EARTH PARKING ORBIT
INSERTION
_IVB RESTART
DURING 2ND LAUNCH
OR 3RD ORBIT
CM SPLASHDOWN
& RECOVERY
;-IVB 2ND BURN CUTOFF 5-IVB RESIDUAL

RANSLUNAR INJECTION PROPELLANT DUMP

g SLINGSHOT
S/C SEPARATION, ( )

TRANSPOSITION,
DOCKING & EJECTION

3&‘:‘0%

BURN 9x45 N .Ml

3

TRANSEARTH INJECTION BURN

N
DOCKING -
LM INSERTION

M PHASING
ORBIT

_ 9x194 N.M.
: CSM 60 N .M,
CSM 60 N.MI.
M DESCENT
50,000 FT. v

60x170 N .Ml. LUNAR ORBIT

60 N.M. INSERTION
LUNAR ORBIT

CIRCULARIZATION




-2 Jd0W-

SPACE VEHICLE LAUNCH EVENTS/WEIGHTS

Time ATtItude Veloclty welght
Hrs. Min., Sec. : Event : Naut, Mi,: Knots :+ Pounds
00 00 (-)08.9 Ignition 0,00 0 6,499,016
Q0 00 00 First Motion 0.033 *C 6,412,918
00 00 12 Tilt Initiation 0.1%2 *3 -
Q0 01 21 Maximum Dynamic Pressure 7 1554 -
00 02 15 " Center Engine Cutoff 24 3388 2,434,985
00 02 10 Outboard Engines Cutoff 35 5324 1,842,997
00 02 I S-1C/S~II Separation 36 5343 1,465,702
00 02 42 S-II Ignition 37 5335 1,465,123
00 03 11 S-II Aft Interstage Jettison 49 5581 -
00 03 16 LES Jettison 51 5642 -
00 03 21 Initiate IGM 53 5701 -
00 o7 39 S-1II Center Engine Cutoff a7 10977 blh,128
00 09 14 S-II Outboard Engines Cutoff 102 13k27 W71, 494
00 09 15 S-11/S~IVB Separation 102 13434 364,429
C0 09 18 S-IVB Ignition 102 13434 364,343
00 11 43 S=IVB First Cutoffl 103 15135 295,153
00 11 53 Parking Orbit Insertion 103 15139 295,008

*frirst two veloclties are space fixed., Others are inertlal velocities. Vehicle
on launch pad has inertial velocity of 408,65 meters per second (793.7 knots).

The above figures are based on a launch azlmuth of 72 degrees, Figures will vary
slightly for other azimuths.

ST




Event
Insertion

Translunar injectlon

CSM separation, docklng
Ejaction from SLA
SPS evaslve maneuver
U
§Hidcourle correction No. 1
1]
" Mldecourse correction No. 2

Mideourse correction Ko, 3

Midcourae oorrecilon No. 4
Lungy Orbit Ingertion No. 1
Luangr Orbit Ingertion No. 2

CSM-IN undocking; separation
(5™ RrCS)

Descent orbit insertion (DPS)

Apollo 10 Wission Evonts
Date & Time

Ground Elapsed Time
a: ssec

00: 1i:53
02:33:26
03:10: 00
Ol4:09: 00
04:29:00

+9 hrs.

I
TLI 424 hra,

LOI -22 hrs,

10I -5 hrs.
T5:45:43
80:10:45

98:10: 00
08: 35: 16

99:33:59

5/18
5/18
5/18
5/18
5/18
5/19
5/19

5/20
5/21

5/21
5/21

22
2

5/22

1:01 pm
3:23
3:55 m
B:58 rm
5:18 pm
12:22 am
3:23 m

6:35 pa
11:35 am

4:35 pm

Veloel e
feat/sec

25,593

10,058

19.7

55

2,974
-138.5

2.5

-1

Parpose and (Resultant Orbit)

Insertion into 100 nm circular
EPC.

Injection into free-return
translunar trajectory with
60 nn pericynthion,

Hard-mating of CSH and M.
gaparateu CSM-IM from S-IVB/

Provides separation prioer to
8~IVB propellant dump and
"slingshot" maneuver,

* These midoourss correctlona
have & nominal velocity change
of 0 fps, but will be cal-
oulated in real time to eor-
rect TLI dispersions, MNCC-3
will have a Plane change
component to achlevs desired
lunar orbit inclination.

Inserts Apollo 10 inte 60x170
nm elliptisal lunar orbit,

Circularizes lunar parking
orbit to 60 nm,

Establishes sqguiperdod orbit
for 2 nm peparation
{minifootball).

Lower LN perlcynthion to eight
nm {8x50)

1
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Event

DPS phasing burn
APS insertion burh

IM RCS eoncentric sequence
initiate (CSI} burn

IM RCS constant delta height
(CDH} burn

ig IM RCS terminal phase initiate
3 ('!‘PI) bum
1

Rendexzvous {TP?)
Docking

APS mra te depletion

Transsarth injection (PEY)
3PS burn

@round Elapsed Time

hra:min: sec
100:46:21

102:43:18

103:33:46

104:31:42

105: 09: 00

1051 54: 00

1061 20: 00

108: 38: 57

137:20:22

Date & Time

5/22

5/22

5/22

5/22

5/22
5/ee
5/e2

5/23

5/24

5:35 pm

7:32 pa

8:22 pa

9:20 pm

9:58 pm

10:43 m

11:09 pm

1:28 am

2:09 am

Velocl (]
j r«%%«
195
=207

59.5

3.4

2%.6

e

3,837

3,622.5

Purpose and (Resultant Orbit!

Ralses LM apcoynthicon to
194 nw, a)lows CSM to [
and overtake IM (8x194).

Simulates LM ascent into
lunar orbit after landing
(B8x43.6).

Raises IM perioynthion to
6.2 nm, adjusts orbital
shape for rendezvous sequencs
(42.9xk6.2}.

Radially downward burn ad-
Justs IM to constant 15 nm
below C3SM.

IN thrusts along line-of-
sight toward CSM, midcourss
and braking maneuvers as
necessary.

Completes rendezvous sequence.
Fly formation at 100 ft.
Transfer back to CSN (about
167 GET),

Posigrade APS depletion bura
near IR perieynthion injects
IM ascent atage into hello-
eentric orbit,

Injects CSM into S54j~hour
transsarth trajsctovy,

Ul
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Event

Midcourse correction Mo. 5
Mideourss correction Mo, 6

Midcourae correction No. T

CM/SK separation
Entry interface {400,000 feat)

fouchdown

dround Elapeed Time Date & Time
hrs:ain: sec (E‘?ﬁ

TEY +15 hra. 5/284  5:09 pm

Entry - 15 hrs, L/25 5:39 pm

Entry -~ 3 hrs. 5/26 5:39 am
191:35 5/26 B:24 am
191:50: 32 5/26 8:39 am
192: 04: 47 5/26 B:54 am

Velcelty €
feet/anac

Parpose and (Resultant Orbit)

® Transearth mideourse
corrections will be com~
puted in real time for
entry corridor control
and for adjusting landing
point to avoid recovery
area foul weather.

Reentry condition.

Command medule enters
Rarth's sensaible atmoz-
phere at 36,310 fps,

Landing 1,285 nm downrange
from entry. 15 degrees
seven minutes South
iatitude x 165 degrees
West longitude.
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The crew for the first time wlll have a backup to launch
vehlcle guidance during powered flight, If the Saturn instru-
ment unit inertial platform fails, the crew can switch guidance
to the command module computer for first-stage powered flight
automatic control. Second and third stage backup gulidance is
through manual takeover in which command module hand controller
inputs are fed through the command module computer to the Saturn
instrument unit,

Earth Parking Orbit (EPQ)

Apollo 10 will remain in Earth parking orbit for one-and-
one-half revolutions after insertlion and will hold a local
horizontal attitude during the entlre period. The crew will
perform spacecraft systems checks in preparation for the trans-
lunar injection (TLI) burn. The final "go" for the TLI burn
will be glven to the crew through the Carnarvon, Australia,
Manned Space Flight Network station.

Translunar Injection (TLI)

Midway through the second revolution 1in Earth parking
orbilt, the S-IVB third-stage engine will relgnite at two hours
33 minutes 26 seconds Ground Elapsed Time (GET) over #4ustralia
to inject Apollc 10 toward the Moon. The velocity will increase
from 25,593 feet-per-second éfps) to 35,651 fps at TLI cutoff =--
a velocity increase of 10,058 fps., The TLI burn will place the
aspacecraft on a free-return clrcumlunar trajectory from which
mideocurse corrections could be made wlth the SM reaction
control system thruster. Splashdown for a free-return trajectory
would be at 6:37 p.m. EDT May 24 at 24.9 degrees South latlitude
by 84,3 degrees East longitude after a flight time of 149 hours
and 49 minutes.

Transposition, Docking and Ejection (TD&E)

At about three hours after liftoff and 25 minutes after
the TLI burn, the Apollo 10 crew willl separate the command/
service module from the spacecraft lunar module adapter (SLA),
thrust out away from the S-IVB, turn around and move back 1n
for docking with the lunar module. Docking should take place
at about three hours and ten minutes GET, and after the crew
confirms all docking latches solidly engaged, they wlll connect
the CSM-to-LM umbilicals and pressurize the IM with the command
module surge tank., At about 4:09 GET, docked spacecraft will
be ejected from the spacecraft LM adapter by spring devices at
the four IM landing gear "knee'"attach points. The ejection
springs will impart about one fps velocity to the spacecraft.

A 19,7 fps service propulsion system (SPS¥ evaslive maneuver

in plane at 4:29 GET will separate the spacecraft to a safe
distance for the S-IVB "slingshot' maneuver in which residual
liquid propellants will be dumped through the J-2 engine bell to
propel the stage into a trajectory passling behind the Moon's
trailing edge and on into solar orblt,

~more-~
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VEHICLE EARTH PARKING ORBIT CONFIGURATION
(SATURN V THIRD STAGE AND INSTRUMENT UNIT, APOLLO SPACECRAFT)

-.'361-




ALTITUDE (NLM. x 1000)

240
220
200
180
160
140
120
100
80
60
40

20

0

@ LUNAR ORBIT INSERTION  LUNAR@RBIT

TRANSEARTH INJECTION @

N N

MCCy} T

- MCCs

-q61~

0 0 20 30 40 50 60 70 8 90 100 [IlO0 120 130

LAUNCH

GROUND ELAPSED TIME {(HOURS)

SPACECRAFT ALTITUDE VS.

140 150 160 [70 180 190 200

TIME

SPLASHDOWN

..
| |




- 31 0ll=-

5r 36
20—
24
15¢
VELOCITY VELOCITY
(MPH x 10°) | (FT/SEC)
10 .. .3
(107) 12
5 e
OL_ 0 3 1 A 1 ] ] | 1 i ' |
0 40 80 120 160 200 240

DISTANCE FROM EARTH CENTER (STATUTE Ml) (103)

TRANSLUNAR VELOCITY PROFILE

~06t-




- 3JIOW~-

POST TLI TIMELINE
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Translunar Ceoast

Up to four midcourse correctlon burns are planned
during the translunar coast phase, dependling upon the accuracy
of the trajectory resulting from the TLI maneuver. If required,
the midcourse correction burns are planned at TLI +9 hours,
TLI +24 hours, lunar orbit insertion (LOI) -22 nours and LOIL
-5 hours.

During coast periods between mideourse corrections, the
spacecraft will be in the passive thermal control (PTC) or
"harbecue" mode in which the spacecraft will rotateslowly about
one axls to stabilize spacecraflt thermal response gpacs to the
continuous solar exposure,

Midcourse corrections 1 and 2 will not normally be made
unless the predicted Misslion Control Center 3 veloclity change
is greater than 25 feet-per=second.

Lunar Orbit Insertion (LOI)

The first of two lunar orbit insertion burns will be
made at 75:45:43 GET at an altitude of 89 nm above the Moon.
LOX-1 will have a nominal retrograde velocity change of 2,974
fps and will insert Apecllo 10 into a 60x170-nm elliptical
lunar orbit. LOI-2 two orbits later at 80:10:45 GET will cir-
eularize the orbit to 60 nm, The burn will be 138.5 fps retro-
grade, Both LOI maneuvers will be with the 8PS engine near
pericynthion when the spacecraft 1s behind the Moon and out
of contact with MSFN stations.

Lunar Parking Orbit (LPO) and IM-Active Rendezvous

Apollo 10 will remain in lunar orblt about 61,5 hours,
and in addition to the LM descent to elght nautical miles
above the lunar surface and subsequent rendezvous with the
CSM, extensive lunar landmark tracking tasks will be performed
by the crew,

Following a rest period after the lunar orblt clrcularl-
zation, the IM will be manned by the command and lunar module
pllot and preparations begun for undocking at 98:10 GET. Some
25 minutes of station keeping and CSM lnspection of the IM will
be followed by a 2.5 fps radially downward SM RCS maneuver, plac-
ing the IM and CSM in equiperiod orbits with a maximum separation
of two miles (minifootball). At the midpoint of the minifootball,
the IM descent propulsion system (DPS) will be fired retrograde
71 fps at 99:34 GET for the descent orbit insertion (DOI) to
lower IM pericynthion to eight miles. The DPS engine will be
fired at 10 per cent throttle setting for 15 seconds and at 40
per cent for 13 seconds.

-more-
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LUNAR ORBIT ACTIVITIES

LM C. 0 LM ACTIVE
AND RENDEZVOUS
LANDMARK PREPARATION DOCKING
TRACKING UNDOCK APS
LOI-1  LD)I-2 { DOl NS Y BURN
LM :
HOUSE- - —REST —] B ,
KEEPING I
0 4 8 10 18 24 31 33
SEP PHAS
STRIP PHOTO | ANDMARK
PHOTO 3 TRACKING
1 AND 2 Tg. O. ]
| l
‘ LMK TRACKING ‘ ‘
| REST 3 LMK/REV REST }
34 A2 45 52 56 5859 | 61
TEL
STRIP
PHOTO
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BEGIN 0.3 DEG/SEC PITCH

DOWN AT ACS

INERTIAL ATTITUDE ROLD
UNTIL AOQS

SXT FQV
VERTICALL™
DOWN

SCT FOV
) YERTICALLY
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HORIZGN

24,5 DEG PITCH DOWN
FROM LOCAL HORIZONTAL
OVER LANDMARK

PITCH DOWN 47 DEG FROM
| OCAL RORIZONTAL AT LOS

aT) = 296 SEC
&1y = 40 SEC
AT, =~ 25 5EC
AT‘EZSSEC
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HORIZON

CSM/LM TYPICAL LANDMARK TRACKING PROFILE
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APOLLO 10 RENDEZVOUS SEQUENCE

Y
[ |

-3JI0W~

MANEUVER G.E.T. | AV, FPS | ENGINE
SEPARATION|  98:35:23 2.5 | SM RCS
DO 99:33:59 | 71.0 | DPS

PHASING 100:46:21 | 195.0 | DPS

INSERTION 102:43:18 | 207.0 | APS

CS| 103:33:46 | 50.5 | LM RCS
CDH 104:31:42 3.4 | LM RCS
TP 105:09:00 | 24.8 | LM RCS
BRAKING |~ 105:55:00 | ~60.0 | LM RCS
DOCKING  |~106:20:00 | ~5.0 | SM RCS
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As the 1M passes over Apollo landing Site 2, the IM
landing radar will be tested in the altitude mode but not in
descent rate, About 10 minutes after the pass over Site 2,
the 195 fps DPS phasing burn at 100:46 GET will boost the LM
into an 8x194-nm orbit to allow the CSM to overtake and pass
the IM. The phasing burn is posigrade and the DP5 englne 1s
fired at 10 per cent throttle for 26 seconds and full throttle
for 17 seconds, The phasing burn places the LM in a "dwell"
orbit which allows the CSM to overtake and pass the 1M so that
at the second 1M passes over Site 2, the IM will trail the €SM
by 27 nm and will be in a proper position for the insertion man-
euver simulating ascent from the lunar surface after a landing
migsion,

Prior to the 207-fps IM ascent englne retrograde insertion
burn, the LM descent stage wlill be Jettisoned and an evasive
maneuver performed by the ascent stage to prevent recontact.
The insertion burn will be made at 102:43 GET and will lower
IM apocynthion to 44,9 nm so that the IM is 14.7 nm below and
148 nm behind the CSM at the time of the concentric sequence
initiate (CSI) burm.

Following IM radar tracking of the CSM and onboard
computation of the C3I maneuver, a 50.5 {ps 1M RCS posigrade
burn will be made at a nominal time of 103:33 GET at apocyn-
thion and will result in a 44,9x44.3-nm IM orbit., The LM RCS
will draw from the LM ascent propulsion system (APS) propellant
tanks through the interconnect valves.

A 3.4 fps radially downward IM RCS constant delta height
(CDH) maneuver at 104:31 GET will place the IM on a coelliptic
orblt 15 nm below that of the CSM and will set up conditions
for the terminal phase initiate (TPI) burn 38 minutes later.

The TPI maneuver will be made when the CSM is at a 26,.6-
degree elevation angle above the IM's local horizontal following
contlinuing radar tracking of the CSM and onboard computations
for the maneuver. Nominally, the TPI burn will be a 24.6-fps
IM RCS burn along the line of slight toward the CSM at 105:09 GET,
Midcourse correction and braking maneuvers will place the IM and
CSM in a rendezvous and station-keeping position, and docking
should take place at 106:20 GET to complete a eight-and-a-half
hour sequence of undocked activitiles,

After the commander and lunar module pilot have
transferred into the CSM, the IM will be jettisoned and the
CSM will maneuver 2 fps radially upward to move above and
behind the IM at the time of the IM ascent propulsion system
burn to propellant depletion at 108:39 GET.

-more-
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The burn wlll be ground-commanded. An estimated 3,837-fps
posigrade velocity will be imparted by the APS depletion burn
near LM pericynthion to place the IM ascent stage in a helio-
centric orbit.

An additicnal 29 hours will be spent In lunar orbitg
before transearth injection while the crew conducts lunar
landmark tracking tasks and makes photographs of Apollo land-
ing sites.

Transearth Injection {TEI}

The 54-hour return trip to Earth beglns at 137:20 GET
when the SPS engilne is fired 3622.5 fps posigrade for the TEI
burn. Like LOI-1 and LOI-2, the TEI burn will be made when the
spacecraft is behind the Moon and out of touch with MSFN stations.

Transearth Coast

Three corridor-control transearth mldcourse correction
burns will be made if needed: MCC-5 at TEI +15 hours, MCC-6
at entry interface (EI=400,000 feet) -15 hours and at EI -3 hours.

Entry, lapding

Apollo 10 will encounter the Earth's atmosphere (400,000
feet) at 191:50 GET at a veloclty of 36,310 fps and will land
some 1,285 nm downrange from the entry-interface polnt using
the spacecraft's l1lifting characteristices to reach the landing
point. Touchdown will be at 192:05 GET at 15 degrees 7 mlnutes
South latitude by 165 degrees West longltude,

=Rore-
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®
EARTH ENTRY

@® ENTRY RANGE CAPABILITY - 1200 TO 2500 N. MI.

® NOMINAL ENTRY RANGE -1285N. Ml

@® SHORT RANGE SELECTED FOR NOMINAL MISSION BECAUSE:

- gaa-

® RANGE FROM ENTRY TO LANDING CAN BE SAME FOR
PRIMARY AND BACKUP CONTROL MODES

® PRIMARY MODE EASIER TO MONITOR WITH SHORT RANGE

® WEATHER AVOIDANCE, WITHIN ONE DAY PRIOR TO ENTRY, IS
ACHIEVED USING ENTRY RANGING CAPABILITY TO 2500 N. Mi.

@ UP TO ONE DAY PRIOR TO ENTRY USE PROPULSION SYSTEM

TO CHANGE LANDING POINT
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VELOCITY AT ENTRY INTERFACE
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]
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LAUNCH DATE (MAY)

-qee-




- SJI0UW-

40

3

ALTITUDE
(1000 FT)

0

20

240

160 |

80

/—ENTER S-BAND BLACKOUT

1ST PEAK g (6.359)

GEODETIC ALTITUDE VERSUS RANGE TO GO

NOTE: TIME TICKED EVERY )2 MIN
FROM ENTRY INTERFACE

2ND PEAK g {5.999)

AN

DROGUE PARACHUTE DEPLOYMENT
MAIN PARACHUTE DEPLOYMENT

EXIT S-BAND BLACKO

TOUCHDOWN
0 ] ] | ! | 1
1400 1200 1000 800 600 400 200 0
TO SPLASHDOWN, (Navutical Miles)

RANGE

-92¢-




N M1 {K) 3
400

300

ALT [FT)
(K}

DROGUE PILOT CHUTES
CHUTES
@ro} 3@?

DRAG

CHUTE

MAIN
CHUTES
{REEFED)

SPLASH DOWN VELOCITIES:

3 CHUTES - 31 FT/SEC
2 CHUTES - 36 FT/ SEC

N o — ——— —

—_—

—_— MAIN CHUTES RELEASED
AFTER TOUCHDOWN

— —— —— ——

EARTH RE-ENTRY AND LANDING

-“nore-



i -

] [ NG ULLAGE

LM
{SNOOPY}

1
NOFEN HATCH L

LIVT TO (50

W LFA STATUS CH:
AND STOW EQUIF

1 1
Ly S-BANDAY

|} lMIP AND COR |1n 10
1 AC”VA'IE EPS AND S-BAND OMMN]
IAE'HVATE PGNC$ AND ECS
15;84MD SYEEmu CHECKS
Yekasante M[MOIV Dikap
WPCCXED Iaw.;I ALIGN
ACTIVATE ASCENT MI’I’ER;(
PGA AND CABIN PRESSURE CHECKS
WACTIVATE AND INITTALIZE AGS
WRCS AND L3 CHECKS
AGS CN.IBRAHGN AND ALIGN,
LDPS PRESSURIZATION AND CHECKOUT
TOEPLGY LANDING GEAR
IUNDOC K
18 ANO VHF RANGING CHECKS
mmumor nEAUGN-Psz

imo RADAR Tm
160 8 -

1) REE MR TRACKING

BWNEAR LUBAR SURFACE OBSERVATIOM AND PHOTG GRAPHY

{PHASING BURN - OFS
HMU/AOT TEALIGH - b52, COAS CALID
1478 mss PARALLEL ASCEMT AMD DESCENT BATS
1um STAGING - s
tindeerion sum APS
/Ao RSALIGN
1E51 BURN - xEs
PLANE CHANGE - RTS
1COH BURN - kCS
1781 88K - RCS
BRENOERVOUS MCC-1 AND MCC 2
SRENDEZVOUS
toock
¥5-BAND COMM TEST
W FAEP LM AND APS BLRN, IV 1O C3M
W ETTISON, LM, APS BURN T0 DERL

CSM

'
1 CSMAM EVASIVE 'MANE

B PROTOGRAPHY SLEEP COMM T

MU !EAUGN'
[Lellh) H
[ JIYIE IEﬁ'\LiGN

W OPEN HATCH INSH

R TRANSFER EQU

MU REALIGN: P32
JINSY‘:L!. DROGU- PROSE AND HATCH
B LANDING SITE TRACKING
iuuoocr
I.INSPECI Lt AND PHOTOGRAPHY
Icsu ‘EPA.RATION MANEUVE
m‘mn VHF RAINGING C/0)
W PSELUDO LANDMARK TRACKING I REALIGN P52

CHARLIE BROWN HORIZON {3 SETS} ECOMM str et H‘{l HIR SKT TRACKING/VHE RANG NG
( ) 1cLosE n.\rcu MAINTAIN LM PRESS LM PHASING SURN
rm SLEEP CHECKS eALkUP L (HSERTION BURN
1MUY REALIGN
IMCCt ¥ BACKUP LM C51 BURN
NBACKUP LW COH BURN
lMCKwILM TPl BURN
TRENDEZVOUS - L4 THOTOGRARKY
160¢K
T PHEPARE FOR LA JETTISON
Lo SETHISON
TV SCHEDULE [COLOR] . . . -
b .55
Hide Ho s i o
F :35: 07,
CSM MANEUVER DATA meed Rnovuace G EEROTR Lo s 10 Y-S
3 ULLAGE
L_-l N}

GET o o s 72 T 30 82 B4 3 80 00 92 o4 % % 100 12 04 06 W08 100 1z 1< )5 11g
LUNAR REVOLUTION NO. P4+ s 7 8 5w R EEEE R
ALTITUDE NM x 10? 2 TUNAR GRBIT 09,6 - 2158 ————————
CSM LMU REALIGNS p.52 [ . . - . - .
CSM CO2 FILTER CHANGES . s . -

ECS REDUNPANT COMPONENT CHKS . . ]




A e

-23-

RECOVERY OPERATIONS

The primary recovery line for Apollo 10 is in the mid-
Pacific along the 175th West merldilan of longitude above 15
degrees North latitude, and Jjogging to 165 degrees West
longitude below the Equator. The helicopter carrier USS
Princeton, Apollo 10 prime recovery vessel, will be stationed
near the end-of-mission aiming point,.

Splashdown for a full-duration lunar orbit mission launched
on time May 18 will be at 5 degrees 8 minutes South by 165
degrees West at a ground elapsed time of 192 hours 5 minutes.

The latitude of splashdown depends upon the time of the
transearth Injection burn and the declination of the Moon at
the time of the burn. A spacecraf't returning from a lunar
flight will enter Earth's atmosphere and splash down at a point
on Earth directly opposite the Moon.

This peint, called the antipode, 18 a projection of a line
from the center of the Moon through the center of the Earth to
the surface opposite the Moon. The mid-Pacific recovery 1iine
rotates through the antipode once each 24 hours, and the trans-
Earth injection burn will be targeted for splashdown along the
pPrimary recovery line.

Other planned recovery lines for a deep-space misslon are
the East Pacific line extendling roughly parallel to the coast-
lines of North and South America; the Atlantic Ocean line run-
ning along the 30th West meridian in the northern hemisphere
and along the 25th West meridian in the southern hemisphere;
the Indian Ocean line along the 65th East meridian; and the
West Pacific line along the 150th East meridian in the northern
hemisphere and Jogging to the 170th East meridian in the
southern hemisphere.

Secondary landing areas for a possible Earth orbital
alternate mission have been established in twe zones--one in
the Paclfic and one in the Atlantic.

Launch abort landing areas extend downrange 3,400 nautical
miles from Kennedy Space Center, fanwise 50 nautical mlles above
and below the 1imits of the variable launch azimuth (72 degrees -
107 degrees). Ships on station in the launch abort area will
be the destroyer USS Rich, the insertion tracking ship USNS
Vanguard and the attack transport USS Chilton.

In addition to the primary recovery vessel steaming up and
down the mid-Pacific recovery line and surface vessels on the
Atlantic Ocean recovery line and in the launch abort area, 14
HC~130 aircraft will be on standby at seven staging bases around
the Earth: Guam, Pago Pago, American Samca; Hawall, Bermuda;
Lajes, Azores; Ascension Island; Mauritius and the Panama Canal
Zone,

~MNore-
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Apollo 10 recovery operations will be directed from the
Recovery Operatlons Control Room in the Mission Control
Center and will be supported by the Atlantiec Recovery Control
Center, Norfolk, Va., and the Pacifle Recovery Control Center,
Kunia, Hawali,

The Apollo 10 crew will be flown from the primary re-
covery veasel to the Manned Spacecraft Center after recovery.
The spacecraft will recelve a preliminary examination, safing
and power-down abcard the Princeton prior to offloading at
Ford Island, Hawail, where the spacecraft will undergo a more
complete deactivation. It 1s anticipated that the spacecraft
will be flown from Ford Island to Long Beach, Calif., within
T2 hours, and then trucked to the North American Rockwell
Space Division plant in Downey, Calif., for postflight analysis,

-Aore-
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APOLLO 10 ALTERNATE MISSIONS

Five alternate mission plans have been prepared for the
Apollo 10, each depending upon when in the mission time line
it becomes necessary to swltch to the alternate. Testing of
the lunar module and a IM-active rendezvous 1n Earth orbit
are preferred over a CSM-only flyby mission., When it is
impossible to return to a low Earth orbit with rendezvous,

a high-ellipse IM teat 138 preferred over a low Earth orbit
test,

Where possible, Apolle 10 alternate missions follow the
lunar orbit mission time line and have a duration of about 10
days.

Apollo 10 alternate misslons are summarized as follows:

Alternate 1l: Early shutdown of S-IVB during TLI with
resulting apogee less than 25,000 nautical miles, or failure
of S-IVB to insert spacecraft into Earth parking orbit and
subsequent SPS contingency orbit insertion {(C0I)}, and 1n both
cases no LM extraction possible, Alternate maneuvers would
include:

* SPS phasing burn to obtain ground coverage of simulated
lunar orbit insertion,

*# Simulated 10T burn to a 100x400 nm Earth orbit.

* Midcourse corrections to modify orbit to 90x240 nm
end-of-mission ellipse and to complete SPS lunar mission duty
¢ycle during remainder of ten-day mission.

Alternate 2: S-IVB falls during TLI burn and resulting
apogee 18 between 25,000 and 40,000 nautical miles; no IM
extraction, Maneuver sedquence would be:

* SPS phasing burn to obtaln ground coverage of simulated
lunar orblt insertion.

* Simulated LOI burn to a semi-synchronous Earth orbit,

¥ SPS phasing maneuver to place a later perigee over or
opposlte deslred recovery zone.

* SPS maneuver to place C3M in seml-synchroncus orblt with
a lZ2-~hour period.

* Deorbit directly from semi~-synchronous orblt into Pacific
recovery area (ten-day mission).

-more-



=26

Alternate 3: No TLI burn or TLI apogee less than 4,000 nmi
but LM successfully extracted.

#  Simulated LOI burn to 100x400~rm orbit,

* Simulated descent orbit insertion (DOI) maneuver with LM,

*  Simulated IM powered descent initiation (PDI) maneuver.

* Two SPS burns to circularize CSM orblit to 150 nm.

* [Me~active rendezvous,

*  Ground-commanded LM ascent propulsion system (APS) burn
to depletion under abort guldance system (AGS) contrel, similar
to APS depletion burn in Apollo 4.

* Additional 8PS burns to place CSM in 90x240-nm end-of-

mission ellipse and to complete SPS lunar mission duty cycle
during remainder of ten«day mission.

=MOTEe =
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Alternate 4: Early S-IVB TLI cutoff with resulting
apogee greater than 4,000 nm but less than 10,000 nm, and
capability of SPS and LM descent propulsion system together
to return CSM-IM to low Earth orbit without compromising
CSM's ability to rescue LM.

* SPS phasing burn to obtain ground coverage of simulated
lunar orbit insertion.

#  Firat doclited DPS burn ocut-of-plane simulates descent
orbit insertion.

* Second docked DPS burn simulates power descent Inlitiation.
* 8PS simulated LOI burn,

* Phasing maneuver to obtaln ground coverage of simulated
powered descent initiation.

* SPS burns to circularize CSM orbit at 150 nm.
* IM-active rendezvous.

* Ground-commanded LM ascent propulsion system burn to
depletion under abort guidance system (AGS) control, similar to
APS depletion burn in Apollo 9.

* pdditional SPS burns to place CSM in 90x240 nm end-of-
mission ellipse and to complete SPS lunar migsion duty cycle
during remainder of ten-day mission.

Alternate 5: SPS and DPS jointly cannot place CSM~IM in
low Earth orbit without compromising abllity of CSM to reacue
IM in a rendezvous sequence, and SPS fuel quantity is too low
for a CSM-IM circumlunar mission.

#* SPS phasing burn to obtain ground coverage of simulated
lunar orbit insertion.

* Simulated lunar orblt insertion into semisynchronous
orbit.

# SPS phasing burn to obtain ground coverage of simulated
power descent initlation,

* Tirst docked DPS burn out of plane simulates descent
orbit insertion,

* Second docked DPS burn simulates power deacent lnitiation
and is directed cut of plane,

-more ~
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* SPS phasing burn to place a later perigee over or
oppeslte deslired recovery zonhe,

* SPS maneuver to place CSM-LM in semi-synchronous orblit
with a 1i2~-hour perilod.

* Qround-commanded LM ascent propulsion system burn to
depletion under abort guldance system control; posigrade at
apogee.

¥ Additional midcourse corrections along a lunar mission
time line and direct entry from high ellipse.

-more -
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ABORT MODES

The Apollo 10 mission can he aborted at any time during
the launch phase or terminated during later phases after a
successful insertion into Earth orbit,

Abort modes can be summarized as follows:
Launch phase =«

Mode I - lLaunch escape (LES) tower propels command module
away from launch vehlcle. This mode is 1in effect from about
T-l45 minutes when LES is armed until LES jettison at 3:07 GET
and command module landing point can range from the Launch
Complex 39B area to 520 nm (600 sm, 964 km) downrange,

Mode I1 - Begins when LES 1s jettlsoned and runs until
the SPS can be used to lnsert the CSM into a safe Earth orbit
(9:22 GET) or until landing points threaten the African coast.
Mode II reqguires manual separation, entry orientation and full-
1ift entry with landing between 400 and 3,200 nm (461-3,560 sm,
T41~5,931 km) downrange,

Mode IITI - Begins when full-lift landing point reaches 3,200
nm {3,560 sm, 5,931 km) and extends through Earth orbital insertion.
The CSM would separate from the launch vehicle, and 1f necessary,
an SPS retrograde burn would be made, and the command module would
be flown half=1ift to entry and landing at approximately 3,350
nm (3,852 sm, 6,197 km) downrange.

Mode IV and Apogee Kick -~ Begins after the point the SPS could
be used to insert the CSM into an Earth parking orbit -- from about
9:22 GET. The SPS burn into orbit would be made two minutes after
separation from the S-IVB and the mission would continue as an
Earth orbit alternate., Mode IV is preferred over Mode III, A
variation of Mode IV is the apogee kick in which the SPS would
be ignited at first apogee to ralse perigee for a safe orbit,

Deep Space Aborts

Translunar Injectlon Phase --

Aborts during the translunar injectlon phase are only a
remote possibility, but if an abort became necessary during the
TLI maneuver, an SPS retrograde burn could be made to produce
spacecrafe entry., This mode of abort would be used only in the
event of an extreme emergency that affected crew safety. The
spacecraft landing point would vary with launch azimuth and length
of the TLI burn. Another TLI abort situation would be used if a
malfunction cropped up after injection. A retrograde SP35 burn
at about 90 minutes after TLI shutoff would allow targeting to
land on the Atlantic Ocean recovery line,
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Translunar Coast phase ==

Aborts arising during the three-day translunar coast phase
would be similar in nature to the 90-minute TLI abort, Aborts
from deep space bring 1nto the play the Moon's antipode (line
projected from Moon's center through Earth's center to opposite
face) and the effect of the Earth's rotation upon the geographical
location of the antipode. Abort times would be selected for land-
ing when the antipode crosses 1659 West longitude, The antlpode
crosses the mid-Pacific recovery line once each 24 hours, and if
a time-critical situation forces an abort earlier than the selected
fixed abort times, landings would be targeted for the Atlantic
Ocean, East Pacific, West Paciflc or Indian Ocean recovery lines
in that order of preference., Wnhen the spacecraft enters the Moon's
sphere of influence, a circumlunar abort becomes faster than an
attempt to return directly to Earth,

Iunar Orbit Insertion phase =--

Early SPS shutdowns during the lunar orbit insertion burn (LOI)
are covered by three modes in the Apollo 10 mission. All three
modes would result in the CM landing at the Earth latitude of the
Moon antipode at the time the abort was performed.

Mode I would be a IM DPS posigrade burnh into an Earth-return
trajectory about two hours {at next pericynthion) after an LOI
shutdown during the first two minutes of the LOI burn,

Mode 1I, for SPS shutdown between two and three minutes after
ignition, would use the LM DPS engine to adjust the orbit to a
safe, non-lunar impact trajectory followed by a second DPS posigrade
burn at next pericynthion targeted for the mid-Paciflc recovery
line.

Mode 1II, from three minutes after LOI ignition until normal
cutoff, would allow the spacecraft to coast through one or two
lunar orbits before doing a DPS posigrade burn at pericynthlon
targeted for the mid-Pacific recovery line,

Lunar Orbit Phase ==

If during lunar parking orbit i1t became necessary to abort,
the transearth injection (TEI) burn would be made early and
would target spacecraft landing to the mid-Pacific recovery line.

Transearth Injection phase -~

Early shutdown of the TEI burn between ignition and two mi-
nutes would cause a Mode III abort and a SPS posigrade TEI burn
would be made at a later pericynthion, Cutoffs after two minutes
TEI burn time would call for a Mode I abort---restart of SPS as
soon as possible for Earth-return trajectory. Both modes produce
mid-Pacific recovery line landings near the latitude of the anti-
pode at the time of the TEI burn,
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Transearth Coast phase ~-~

Adjustments of the landing point are possible durlng the
transearth coast through burns with the SPS or the service
module RCS thrusters, but in general, these are covered in
the discussion of transearth mldcourse corrections. No abort
burns will be made later than 24 hours prior to entry to avold
effects upon CM entry velocity and flight path angle,

-Moreg-
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APOLLO 10 GO/NQ-GO DECISION POINTS

ILike Apollo 8, Apollo 10 will be flown on a step~by-siep
commit point or go/no-go basis in which the decisions will be
made prior to each major maneuver whether to continue the mission
or to switeh to one of the possible alternate missions, The
go/no-go decisions will be made by the flight control teams in
Mission Control Center,

Go/no=-go decisions will be made prior to the following events:

* Ifaunch phase go/no-go at 10 min. GET for orbit insertion

* Translunar injection

¥ Transpositlon, docking and LM extraction

* Each translunar midcourse correction burn

* Lunar orbit insertion burns Nos. 1 and 2

* Crew intravehicular transfer to 1M

* CSM-IM undocking and separation

* Rendezvous sequence

* IM Ascent Propulsion system burn to depletion

* Transearth injection burn (no-go would delay TEI one or

more revolutions to allow maneuver preparations to be

completed., )

* Each ftransearth midecourse correction burn

~MOYC=
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ONBOARD TELEVISION

On Apolio i), onboard video will origlnate from the CM;
there will be no TV camera in the M. Plans call for both black
and white and color TV to be carried.

The black and white camera 1is a 4,5 pound RCA camera equipped
with a oC-degree fileld of view wide angle and 100mm nine-degree
tield of view relephoto lens, attached to a 1l2-foot power/video
cable, It produces a black-and-white 227 TV line slignal scanned
at 10 frames a second, Madrid, Goldstone and Honeysuckle Creek
all will have equipment to make still photographs of the slow
scan signal and to convert the signal to commercial TV format.

The color TV camera ls a 1l2-pound Westinghouse camera with a
zoom lens for close-up or wide angle use and a three-inch monltor
which can be mounted on the camera or in the CM, It produces a
standard 525=1line, 30-frame-per-second signal in color by use of
a rotating color wheel, The signal can be viewed 1n black and
white, Only MSC, receiving the signal througn Goldstone, will
have equipment to colorize the signal,

Tentative planning is to use the color camera predomlinately,
reverting to the black and wnite camera if there is difflculty with
the color system but requiring at least one black and white trans-
mission to Honeysuckle Creek, The following 1s a prelimlnary
plan for TV passes based on a 12:49 May 18 launch:

GET DATE/EDT EVENT

3:00 - 3:15 18 -~ 3:48p Transposition & dock Madrid

3:15 = .?5 18 - Goldstone
27 :15 = I 19 - 4:03p Translunar coast Goldstone
54:00 - 20 -« 6:48p  Translunar coast Goldstone
72120 = 7“ 35 21 - 1:08p Fre-L0I=-1 Goldstone/Madrid
80:45 - 80:53 21 - 9:33p Post LOI-2 Goldstone
98:15 ~ 98:20 22 - 3:01p Post undock; formation  Goldstone
108:35 - 103:45 23 - 1:23a APS Burn to Depletion Goldstone
126:20 - 127:00 23 = 7:08p Landmark Tracking Goldstone
137:45 - 137:55 24 - 6:33a  Post=-TEI Honeysuckle¥*
152:35 - 150:45 24 - 9:23p  Transearth coast Goldstone
186:50 - 137:00 26 - T:33a  Transearth coast Goldstone

*Transmission from RCA black and white camera, All others planned
to be from color camera,
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APOLLO 10 PHOTOGRAPHIC TASKS

S¢ill and motion pictures will be made of most spacecraft
maneuvers as well as of the lunar surface and of crew activities
in the Apollo 10 cabin.

The transposition, doecking and lunar module ejection
maneuver will be the first major event to be photographed, In
iunar orkit, the 1M-active rendezvous sequence wlll be photo~
graphed from both the command and the lunar module,

During the period between the 1M DPS phasing burn and the
APS insertion burn, the commander and lunar module pilliot will
make stl1ll photos of the lunar ground track and of landing Site
2 from the elght-mile low point of the IM's flight path.,

After rendezvous 1s complete and the LM APS depletion burn
nas been photographed, the crew will make stereo strip s8till
photographs of tne lunar surface and individual frames of targets
of opportunity. Using the navigation sextant's optlcs as a
camera lens system, lunar surface features and landmarks wlll be
recorded on motion picture {ilm, Addlitionally, the camera-
througn-sextant system will photograpn star-horizon and star-land-
marik combinazions as they are superimposed in visual navigation
signtings,

The Apolio 10 pnotography plan calls for motion plctures
of crew actlivities such as intravehilcular transfer through the
CSM=LiM docking tunnel and of other crew activities such as
pressure cull Jdonning.

Long=-distance Eartn and lunar terrain photographs will be
shot with tne 70mm still cameras,

Camera eauipment carried on Apollo 10 consists of two TOmm
Hasselblad still cameras, each fitted with 80mm /2.8 to f/22
7elss Planar lenses, a 250mm telepnoto lens stowed aboard the
command module, ani assoclated egaipment such as filters, ring-
sight, spobtmeter and an intervalometer for stereo strip photography.
One Hasselblad will be stowed in the IM and returned fto the C%M
alfter rendezvous, Hasselblad shutter speeds range from one second
to 1/500 sec,

For motion pletures, two Maurer data acquisition cameras
(one in the CSM, one in the ILM) with variable [rame speed
selection will be used.,. Motlon picture camera accessories
include vayonet-mount lenses of 75, 18, and S5mm focal length,
a rignt-angle mirror, a command module boresignt bracket, a
power cable, and an adapter for shooting through the sextant,

Apollio 10 fiim stowage includes six 7Omm Hasselblad
magazines-~-two exterior cclor reversal and four fine-grain
vlack and white; and 12 l40-foot 16mm magazines of motion
picture filme--eight exterior color and four interior colore--
for a total 1630 Ifeet,
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LUNAR DESCRIPTION

Terraln - Mountainous and crater-pitted, the former
rising thousands of feet and the latter ranging from a few
inches to 180 miles in dlameter. The craters are thought
to be formed by the impact of meteoprites. The surface is
covered with a layer of fine-grained material resembling
silt or sand, as well as small rocks and boulders.

Environment - No air, no wind, and no moisture. The
temperature ranges from 243 degrees in the two-week lunar
day to 279 degrees below zero in the two-week lunar w=ight.
Gravity 1s one-sixth that of Earth. Micrometeoroids pelt the
Moon (there is no atmosphere to burn them up}. Radiation
might present a problem during periods of unusual solar activity.

Dark Side - The dark or hidden side of the Moon no longer
1s a complete mystery. It was first photographed by a Russian
craft and since then has been photographed many times, particu-
larly by NASA's Lunar Orbiter spacecraft and Apollo 8.

Origin - There 1s still no agreement among sclentists
on the origin of the Moon. The three theories: (1} the Moon
once was part of Earth and split off into its own orbit, (2)
it evolved as a separate body at the same time as Earth, and
(3) 1t formed elsewhere 1n space and wandered until 1t was
captured by Earth's gravitational fileld.

Physical Facts

Diameter 2,160 miles {about # that cof Earth)

Circumference 6,790 miles (about % that of Earth)

Distance from Earth 238,857 miles {mean; 221,463 minimunm
to 252,710 maximum)

Surface temperature +243°F (Sun at zenith)} -279°%p (night)

Surface gravity 1/6 that of Earth

Mass 1/100th that of Earth

Volume 1/50th that of Earth

Lunar day and night 14 Earth days each

Mean velocity in orbit 2,287 miles per hour
Escape velocity 1.43 miles per second

Month (period of rotation
around Earth) 27 days, 7 hours, 43 minutes
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Apollo Lunar Landing Sites

Possivle landing sites for the Apollco lunar module have
been under study by NASA's Apollo Site Selection Beoard for more
than two years. Thirty sltes originally were considered, These
have been narrowed down to four for the first lunar landing.
(Site 1 currently not considered for first landing.)

Selectlion of the final five sites was based on high resolution
photographs by Lunar Orbiter spacecraft, plus close-up photos
and surface data provided by the Surveyor spacecraft which soft -
landed on the Moon.

The original sites are located on the visible side of the
Moon within 45 degrees east and west of the Moon's center and
5 degrees north and south of its equator,

The final site cholces were based on these factors:
*Smoothness (relatively few craters and boulders)

*Approach (no large hills, hligh cliffs, or deep craters
that could cause incorrect altitude signals to the lunar
module landing radar)

*Propellant requirements (Selected sites require the least
expenditure of spacecraft propellants)

*Recycle (selected sites allow effective launch preparation
recycling if the Apollo Saturn V countdown 1s delayed)

*Free return {(sites are within reach of the spacecraft
luanched on a free return translunar trajectory)

*Slope {there is little slope -- less than 2 dezrees in
the approach path and landing area)
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The Five Landing Sites *inally Jelected Are:

‘. Designations

Site 1

Site 2

Site 3

Site 4

Site 5

Center Coordinates

latitude 2° 87' 54" North
longitude 34Y 0O1' 31" East

Site 1 1s located on the east central part
of the Moon in southeastern Mare Tran-
quillitatis. The site is approximately 62
miles {100 kilometers) east of the rim of
Crater Maskelyne,

latitude 0° 43' 5" North
longitude 239 38' 51" East

Site 2 is located on the east central part
of the Moon in southwestern Mar Tran-
quillitatis. The slte 1is approximately

62 miles (100 kilometers) east of the rim
of Crater Sabine and approximately 118
miles {190 kilometers) southwest of the
Crater Maskelyne,

latitude 0° 22! 27" North
longitude 1° 20t 42" West

Site 3 1s located near the center of the
visible face of the Moon in the southwestern
part of Sinus Medii. The site is approximately
25 miles (40 kilometers) west of the center

or the face and 21 miles (50 kilometers)
southwest of the Crater Bruce.

latitude 3% 38' 34" South
longitude 360 411 53" wWest

Site 4 is located on the west central part
of the Moon in southeastern QOceanus
Procellarum. The site is approximately 149
miles (240 kilometers) south of the rim of
Crater Encke and 136 miles (220 kilometers)
east of the rim of Crater Flamsteed.

latitude 1°. 46' 19" North
longitude 41° %6' 20" West

Site 5 is located on the west central part

of the visible face in southeastern Oceanus
Procellarum. The site is approximately 130
miles (210 kilometers) southwest of the rim

of Crater Kepler and 118 miles (190 kilometers)
north northeast of the rim of Crater Flamsteed.
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COMMAND AND SERVICE MOUDLE STRUCTURE, SYSTEMS

The Apollo spacecraft for the Apollo 10 mission is comprised
of Command Module 106, Service Module 106, Lunar Module 4, a
spacecraft-lunar module adapter (SLA) and a launch escape system,
The SLA serves as a mating structure between the instrument unit
atop the S-1VB stage of the Saturn V launch vehicle and as a
housling for the lunar mcdule.

Launch Escape System (LES) -- Propels command module to
safety in an aborted launch. It 1s made up of an open-f{rame
tower structure, mounted to the command module by four frangible
bolts, and three solid-propellant rocket motors: a 147,000 pound-
thrust launch escape system motor, a 2,400-pound-thrust pitch
control motor, and a 31,500-pound-thrust tower jettison motor.
Two canard vanes near the top deploy to turn the command module
aerodynamically to an attitude with the heat-shleld forward.
Attached to the base of the launch escape tower 1s a boost pro-
tective cover composed of glass, cloth, and honeycomb, that
protects the command module from rocket exhaust gases from the
main and the Jettison motors, The system is 33 feet tall, four
“eet in diameter at the base, and weighs 8,848 pounds.

Command Module (CM)} Structure -- The basic structure of the
command module 18 a pressure vessel encased in heat shields,
cone~-shaped 11 feet 5 inches high, base diameter of 12 feet 10
inches, and launch weight 12,277 pounds.

The command module consists of the forward compartment
which contalns two reaction control engines and components of
the Earth landing aystem; the crew compartment or lnner pressure
vessel containing crew accomodations, controls and displays, and
spacecrafl't systems; and the aft compartment housing ten reactlion
control engines and propellant tankage. The crew compartment
sontains 210 cubic feet of habltable volume,

Heat-shields around the three compartments are made of
brazed stainless steel honeycomd with an outer layer of phenolic
epoxy resin as an ablative material, Shield thickness, varying
according to heat loads, ranges from 0.7 inch at the apex to
2.7 inches at the aft end.

The spacecraft i1nner structure is of sheet-alumlnum honey-
comb bonded sandwhich ranging in thickness from 0.25 1nch thick
at forward access tunnel to 1.5 inches thick at base.

CSM 106 and LM-4 are equipped wlth the probe-and-drogue
docking hardware. The probe assembly is a folding coupling and
impact attentuating device mounted on the CM tunnel that mates
wlth a conical drogue mounted on the LM docking tunnel, After
the docking latches are dogged down following a docking maneuver,
both the probe and drogue assemblies are removed from the vehlcle
tunnels and stowed to allow free crew transfer between the CSM
and LM.
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Service Module (SM) Structure -~ The service module Is a
cylinder 12 feet 10 inches in dlameter by 24 feet 7 inches high,
For the Apollo 10 mission, it wiil weligh, 51,371 pounds at launch.
Aluminum honeycomb panels one inch thick form the outer skln, and
milled aluminum radial beams separate the interior into six
sections containing service propulsion system and reaction control
fuel-oxidizer tankage, fuel cells, cryogenlc oxygen and hydrogen,
and onboard consumables.

Spacecraft-LM Adapter (SLA} Structure -- The spacecratt LM
adapter is a truncated cone 26 feet long tapering irom 200 inches
diameter at the base to 154 inches at the forward end at the
service module mating line. Aluminum honeycomb 1.7% lncnes thick
1s the stressed-skin structure for the spacecrail't adapter. The
SLA welghs 4,000 pounds.

CSM Systems

Guildance, Navigation and Control System (GNCS} -- Measures
and controls spacecraft position, attitude, and veloclty, cal-
culates trajectory, controls spacecraft propulsion system thrust
vector, and displays abort data. The guildance system consists ol
three subsystems: inertiai, made up of an inertial measurement
unit and associated power and data components; computer which
procesgses information to or from other components; and optics,
including scanning telescope and sext=nt for celestial and/or
landmark spacecraft navigation., C3SM 106 and subsequent modules
are equipped with a VHF rangling devlice as a backup to the LM
rendezvous radar,

Stabilization and Control System ($CS) -- Controls space-
craft rotation, tTranslation, and thrust vector and provides
displays for crew-initiated maneuvers; backs up the guldance
system, It has three subsystems: attitude reference, attltude
control, and thrust vector control,

Service Propulsion System (SP3S) ~- Provides thrust for iarge
spacecraft velocity changes througn a gimbal-mounted 20,500~
pound-thrust hypergolic engine using a nitrogen tetroxlde oxidizer
and a 50-50 mixture of unsymmetrical dimethyl hydrazine and
hydrazine fuel. Tankage of thls system 1s in the service module.
The system responds to automatic firing commands from the guld-
ance and navigation system or to manual commands from the crew,.
The engine provides a constant thrust rate. The stabllization and
control system gimbals the engilne to filre through the spacecraft
center of gravity.

Reaction Control System (RCS) -- The command module and the
service module each has its own independent system. The SM RCS
has four identical RCS "quads mounted around the SM 90 degrees
apart. Each quad has four 100 pound-thrust engines, two fuel and
two oxidizer tanks and a helium pressurization sphere. The SM RCS
provides redundant spacecralt attitude control through cross-coupling
logic inputs from the stabilization and guldance systems,
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Small veloeclty change maneuvers can also be made with the
SM RCS., The CM RCS consists of two independent six-engine suo-
systems of six 93 pound-thrust engines each, Both subsystems
are activated after CM separation from the SM: one is used for
spacecraft attitude control during entry. The other serves Iln
standby as a backup. Propellants for both CM and SM RCS are
monomethyl hydrazine fuel and nitrogen tetroxide oxidizer with
helium pressurlzation, These propellants are hypergolic, 1.e,,
they burn spontaneously when combined without an 1lgniter.

Electrical Power System (EPS} -- Consists of three, 31~
cell Bacon-type hydrogen-oxygen fuel cell power plants in the
service module which supply 28-volt DC power, three 28-volt DC
zlnc-silver oxide main storage batteries in the command module
lower equipment bay, and three 115-200-volt 400 hertz three-
phase AC inverters powered by the main 28-volt DC bus. The
inverters are also located in the lower equipment bay. Cryogenic
hydrogen and oxygen react in the fuel cell stacks to provide
electrical power, potable water, and heat. The command module
main batteries can be switched to fire pyrotechnlcs in an
emergency. A battery charger restores selected batteries to
full strength as required with power from the fuel cells,

Environmental Control System {ECS) -~ Controls spacecraft
atmosphere, pressure, and cemperature and manages water. In
addition to regulating cabin and suit gas pressure, temperature
and humidity, the system removes carbon dioxide, odors and
particles, and ventilates the cabin after landing. It collects
and stores fuel cell potable water for crew use, supplles water
to the glycol evaporators for cooling, and dumps surplus water
overboard through the urine dump valve., PFProper operating temp-
erature of electronics and electrical equipment is maintained
by this system Through the use of the cabin heat exchangers, the
apace radiators, and the flycol evaporators.

Telecommunlications System ~-- Provides voice, television tele-
metry, and command data and tracking and ranging between the space-
craft and Earth, between the command module and the lunar module
and between the spacecraft and the extravehicular astronaut. It
also provides intercommunications between astronauts. The tele-
communications system consists of pulse code modulated telemetry
for relaylng to Manned Space Flight Network stations data on
spacecraft systems and crew condition, VHF/AM volce, and unified
S-Band tracking transponder, air-to-ground voice communications,
onboard television, and a VHF recovery beacon. Network stations
can transmit to the spacecraft such items as updates to the
Apollo guldance computer and central timing equlpment, and real-
time commands for certaln onboard functions.
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